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Introduction Application Examples

Recently, a multi-scale modeling system with unified physics was developed at NASA Goddard. It consists of (1) the Goddard Cumulus Ensemble model (GCE), a A r‘y';‘ﬂ‘:’:;’;;:;"::;::::mﬂ‘g‘::’C"C“;ﬂ"“l'}:i'n‘;““::::t‘:’;g:::::ﬁ::‘;‘;:l‘jn’dﬁz'j Meniny precipitation and localtme of recpiaton roquoncy maximum over Wost Afica
cloud-resolving model (CRM), (2) the NASA unified Weather Research and Forecasting Model (WRF), a region-scale model, and (3) the coupled fvGCM-GCE, the ) The resuts imply that the MM could be used (o study local and regional surface waterlenergy cycle

GCE coupled to a general circulation model (or GCM known as the Goddard Multi-scale Modeling Framework or MMF). The same cloud microphysical processes,
long- and short-wave radiative transfer and land-surface processes are applied in all of the models to study explicit cloud-radiation and cloud-surface interactive
processes in this multi-scale modeling system. This modeling system has been coupled with a multi-satellite simulator for comparison and validation with NASA high-
resolution satellite data. The left figure shows the multi-scale modeling system with unified physics. The GCE and WRF share the same microphysical and radiative
transfer processes (including the cloud-interaction) and land information system (LIS). The same GCE physics will also be utilized in the Goddard MMF.
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The idea to have a multi-scale modeling system with unified physics is to be able to propagate improvements made to a physical process in one component into other
the components smoothly and efficiently. In this poster, we will demonstrate the validity of this concept.
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The third component of the modeling system couples the NASA Goddard finite volume e osdart MAE fomt o s G
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N GCM (fVGCM) with the GCE model (known as the Goddard MMF). The use of the GCE-LIS and WRF-LIS Coupling System loweright panel)
L VGCM allows for global coverage and the use of the GCE for the explcit simulation of LIS et on GO cloud amount LIS Spinup Impacton WRESLIS Precipiation X . .
Goddard fvGCM — GCE Model subgrid cloud processes and their interaction with radiation and surface processes. P St Brtunton une 2 100G Improving the Simulation of Convective Cloud Systems:
2 x 2.5 degree (13,104 CRMs) This modeling system has been applied to the study of climate scenarios such as the cenific Evaluasion: June. ase

higher resolution and improved ice physics
1998 EI Nino and 1999 La Nina. The new coupled modeling system results in the more

realistic propagation and intensity of tropical rainfall systems and intra-seasonal
oscillations and an improved diumal variation of precipitation; all are difficult to capture

Microphysics
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L5 order TKE using even state-of-the-art GCMs with subgrid convection schemes. The new Goddard i =
Radiation (ev: 3 min) MMF is the second MMF developed worldwide following the one at CSU. Despite ! -
Time step (10 5) differences in model dynamics and physics between the Goddard and CSU MMFSs, both
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38 vertical layers G2 in RGCAM) simulate stronger MJOs, better cloudiness (high and low), single ITCZs and more

S realistic diumnal rainfall patterns than traditional GCMs. Both MMFs also have similar
V - Component (no PGF) biases, such as a summer precipitation bias (relative to observations and to their parent
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WRF3.

Online cloud statistics (every 2 min) GCMs) in Asian monsoon regions. However, there are notable differences between the Climatologically, 40-dBZ tions ab
278 hours/per simulated year on a 512 CPU two MMFs. For example, the CSU MMF simulates less rainfall over land than its parent | bmatolgialy, 40052 penctrations bove
computer GCM, which is why it simulates less global rainfall than its parent GCM. The Goddard

MMF simulates more global rainfall than its parent GCM because of a high contribution
from its oceanic component.
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The second component of the modeling system is WRF (Michalakes ef al. 2001), a next
generation mesoscale forecast model and assimilation system developed at NCAR along Lang et al, (2009): Jice-graupel
with several NOAA and DOD partners. The model is designed to support research 48 and 72 h accumulated precipitation (mm) starts at 00Z 8/7 2009 Goddard WRF3.1
The GCE model, a CRM, has d improved at

advancing the understanding and prediction of mesoscale precipitation systems. |
incorporates advanced numerics and data assimilation techniques and has a multiple re-
locatable nesting capabilty as well as improved physics. WRF will be used for a wide]
range of applications, from idealized research to operational forecasting, with an
emphasis on horizontal grid sizes in the range of 1-10 km. Various Goddard physical
packages (ie., CRM-based microphysics, radiation and land-surface hydrolog

Fiight enter over the past two and a half decades. The ability of the GCE model to
simulate the impact of atmospheric aerosol concentrations on precipitation processes
was recently enhanced (Tao et al. 2007) as were its abillies to account for e effects
of land (Zeng et al. 2007) and ocean suface processes on convective systems in
different geographic locations (Wang et al. 2003; Tao et al. 2004; Zeng et al. 2008).
The GCE model's bulk microphysical scheme were recently modified to reduce the
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2003; Lang et al. 2007), to better address saturation issues (Tao et al. 2003) and to System (GEOS) global analyses that have been developed at NASA have recently been|
abtain more realistic 18 water contents forlonger-erm simulations (Zeng efal 2008,

into WRF (left figure). The CRM-based packages have improved forecast
2009). Recenty, the GCE model has been adapted to interface with a couple of other (o simulations) of convective systems [e.g., a linear convective system in Oklahoma|
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DDA e omplete the MMF and LIS coupling to study the interaction between cloud systems and land surface processes
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mvare S e [t oy ic (Stabitity) Improve the MMF cloud dynamics and test many different MMF configurations regional soale
L Couple the MMF model with the Sateliite Data Simulation Unit (SDSU) to identify the strengths and weaknesses
of the model microphysical processes.
Goddard Satellite Data Simulation Unit
MMF (1998, 1999, May 2005 to September 2007), WRF and GCE cloud data is current available through Goddard web site: nccs.nasa htm
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